The outcomes of dietary crude protein levels (CP; 18 and 20%) and Lvaline (Val.; 0, 0.1 and 0.2%) supplementation on the productive/reproductive performance, egg quality and some blood parameters of breeder Japanese quails were evaluated from 14 to 28 weeks of age. One hundred forty-four birds were individually weighed and randomly distributed into six treatment groups with eight replicates each of two females and one male. Body weight, egg weight and percentages of fertility, hatchability and total embryonic mortality were not influenced by treatments. However, significant interactions due to CP and Val. levels on egg production percentage, egg mass, chick weight and egg quality traits were obtained. Quails fed 18% CP + 0.2% Val. diets had better feed and valine intake, FCR, shell thickness and yolk index. Sexual libido, foam production, sperm concentration and motility percentage and methylene blue reaction time (MBRT) did not differ due to treatments while cloacal gland area and semen ejaculate volume of male quail were significantly improved by 18% CP level. No differences between treatments were observed for blood urea and albumin concentrations of male and female. In contrast, total protein and Superoxide dismutase (SOD) concentrations increased significantly in response to Val. levels and were also enhanced differently in the blood of male and female. Superoxide dismutase concentration in the plasma of male was not influenced by treatments while plasma female's SOD was significantly elevated due to 18 % CP + 0.2 % Val. diet. The results indicated that dietary 18% CP with 0.2% L-valine was suitable for breeder quails at 14-28 weeks of age.
INTRODUCTION
The adequacy of protein and amino acids are essential in poultry diets for maximizing productive and reproductive performance, minimizing feeding cost and alleviating ammonia emission. Diet formulation for Japanese quail is based on NRC nutrient requirements, which are different depending on the age of bird and purpose of production; however, these are not ideal for all climatic conditions of different countries. According to NRC (1994) crude protein (CP) level recommended for Japanese quails during the laying period is 20% CP. Nowadays, essential amino acids can be incorporated into poultry diets to decrease the dietary CP level while still meeting the bird's needs. Kaur et al. (2007) reported that 18.5% CP with 2900 kcal ME/kg of the diet was adequate for laying quail during 6-18 weeks of age. Moreover, supplementation of 100% essential amino acids improved egg production, egg weight, feed conversion efficiency and shell thickness. Also, Alagawany et al. (2014) found that productive performances of laying Japanese quail were not significantly affected by feeding a 16% CP diet supplemented with crystalline amino acids level equivalent to 20% CP. Besides, feeding on low-CP diets had many beneficial effects such as lowering diet price which represents more than 70% of the total production costs and decreasing N excretion in feces, thus reducing the N emission to the environment. However, no difference in egg weight was observed when isoleucine supplemented to laying Japanese quail diet containing 16% or 20% CP (Santos et al., 2016) . Valine may potentially be one of the limiting amino acids in a corn-soybean meal based diets for laying hens after Meth., Lys., Trp., and Thr. (Bregendahl and Roberts, 2008) . Harms and Russell (2001) reported an improvement in commercial layers performance by adding Val. to a corn-soybean meal diet containing supplemental Meth., Lys., Trp., Ile. and Thr. It was reported that laying Japanese quail required CP slightly higher than 16% with 0.83% Val. in their diet (Allen and Young, 1980) . Dietary 1.36% Val. reduced feed consumption and daily egg mass by 5 to 10 %, respectively, and decreased body weight in laying hens (Peganova and Eder, 2002) . However, supplementation of 4 g Val./kg of diets (containing 16.2% CP) was tolerated and could be effectively fed to laying hens without detrimental effects on laying performance or immunity functions (Azzam et al., 2015) . Contradictory results have been obtained on low-protein diets and essential amino acid supplementation to laying Japanese quails. Therefore, this study was carried out to evaluate the effects of crude protein and valine levels on productive and reproductive performance, egg quality and some blood parameters of breeder quails from 14 to 28 weeks of age.
MATERIALS AND METHODS Birds, management and experimental diets:
This study was carried out at the Poultry Farm, Department of Animal Production, Faculty of Agriculture, Suez Canal University, Ismailia, Egypt. One hundred forty-four of male and female Japanese quails (14 wks of age), close in body weight (♀, 264.21±2.95; ♂, 238±2.63g) and egg production rate (82.00±1.94%), were individually weighed and randomly assigned to six treatments. Each dietary treatment was replicated eight times, two females and one male each (24 birds/treatment). Each replicate was represented by one wire-battery cage and equipped with a nipple drinker and trough feeder. A light schedule of 16 hr of light: 8 hr dark was provided daily. Birds were supplied with feed and water ad-libitum during the experimental period (14 to 28 weeks of age). After acclimatization of two weeks, data were collected from 16 to 26 weeks of age. At the 26 th week of age, the female of each treatment was removed into another battery cages and the reproductive measurements of male were collected. The experiment was performed according to the institutional guidelines on animal use. Two levels of crude protein (CP; 18 and 20%) and three levels of L-valine (Val.; 0, 0.1 and 0.2 % of diet), over the NRC (1994) Japanese quail requirements, were used to form six dietary treatments. Cornsoybean meal diets were formulated to be isocaloric and provided in mash form. Amino acids chemical analyses were performed using high performance Amino Acid Analyzer Biochrom 30 (Biochrom Ltd, United Kingdom). Diets were formulated to meet the recommended nutrient requirements of NRC (1994) . The composition and chemical analyses (calculated and determined; AOAC, 1990) of diets are shown in Table 1 . Productive performance measurements: Individual body weight was recorded at the beginning and at the end of the study to estimate body weight change. Eggs were collected daily and individually weighed to the nearest 0.01 g. At the end of the experiment, the feed left in each feed trough was weighed. Feed intake (FI; g/h/d), Val. intake (Val.I; g/h/d), egg production rate (EP; %), average egg weight (AEW; g/h), average egg mass (AEM; g/h/d) and feed conversion (FCR; g feed/g egg mass) were assessed. Egg quality traits: Eggs were taken from each replicate during three consecutive days, every two weeks, for egg quality evaluation. Egg weight, length and width were determined. Each egg was carefully broken out onto a flat surface to determine the internal components. Percentages of yolk, albumen and shell weights relative to egg weight were calculated. Shell thickness (µm) without shell membrane was measured at equator point by a micrometer. Egg shape index, yolk index and internal quality units (IQU) were calculated according to Tumova and Gous (2012) , Kul and Seker (2004) and Card and Nesheim (1972) , respectively.
Incubation measurements:
Eggs were collected daily, weighed and stored till incubation. Every four days, labeled eggs were placed in an automatic incubator at 37.6°C and 65% relative humidity. At day 15, eggs from each replicate were packed in a suitable container and transferred to a hatchery at a temperature of 37.3°C and 70% relative humidity. The hatched chicks per replicate were counted and weighed to calculate the chick weight percentage [CW % = (chick weight/egg weight) ×100] for each group. The infertile eggs and embryonic mortality were estimated via the un-hatched eggs. The embryonic mortality was classified into three groups, early embryonic mortality (EEM; 1-7 days), late embryonic mortality (LEM; 8-15 days) and pipped dead embryo (PDE) according to Yakimenko et al. (2002 Hanafy and Khalil (2015) . The semen samples were gathered by micropipette. Semen ejaculate volume (EV; µl), sperm motility (SM %), sperm concentration (SC; ×10 6 /ml) and methylene blue reaction time (MBRT) in each ejaculate were assessed immediately after collection (Hanafy and Khalil, 2015) .
Blood parameters:
A blood sample was collected from jugular vein of each bird in a heparinized tube at the end of experiment. Collected blood was immediately centrifuged at 3000 rpm for 20 min and plasma was separated and stored at -20°C for further analysis. Total protein (g/dl), albumin (g/dl) and blood urea (g/dl) were performed using commercial colorimetric kits. Superoxide dismutase (SOD; U/ml) was estimated according to Nishikimi et al. (1972) .
Statistical analysis:
The experiment was designed and statistically analyzed as a 2×3 factorial arrangement of two CP levels and three Val. levels based on a completely randomized design. A statistical analysis was performed using SAS (2004) to assess the main effects of CP and Val. levels and their interaction. Means comparisons were performed using Duncan's multiple range test (Duncan, 1955) .
RESULTS AND DISCUSSION Productive performance: Data in Table 2 showed no significant difference in the productive performance of laying quails when dietary CP was reduced from 20 to 18%. Laying quails requires higher CP content in their diets as compared with laying hens. The dietary level of 20% CP and 2900 kcal ME/kg are suggested by NRC (1994) . Recent studies concluded that meeting amino acids needs with maintaining a minimum CP had no negative effect on the productive performance of laying Japanese quails (Kaur et al., 2007; Alagawany et al., 2014; Santos et al., 2016) . Dietary 20% CP with/out Val. supplementation in laying quails insignificantly improved EP (%) and FCR but not AEW or AEM (Table 2 ). This might be due to the antagonism effect between Val. and the other branchedchain amino acids (leucine and isoleucine) in the diet (NRC, 1994) . Valine requirement for the breeding period of Japanese quails is estimated based on values obtained for other ages or species (NRC, 1994) and was predicted to be 0.92% with 20% CP of diet. However, the amino acid requirements of modern quails might be higher (Mehri et al., 2016) than those reported by NRC (1994). Martinez et al. (2017) concluded that 1.96 g Val./kg diet provided the highest response on egg production, followed by feed intake and egg weight; verifying that Val. was the first limiting amino acids in the diet. Dietary 18% CP + 0.1 or 0.2% Val. diets increased EP (%), AEM and improved the FCR with significant (P ≤ 0.05) effect of 0.2% Val. diet in comparison with 18% CP + 0% Val. diet (Table 2) . Accordingly, laying Japanese quails could perform well on 18% CP diet supplemented with Meth., Lys. and Thr. as recommended by NRC (1994) plus 0.2% L-valine. This data also revealed that valine was considered a limiting amino acid in corn-soybean diets when CP was reduced by 2%. Similarly, 16% CP laying quail diets supplemented with isoleucine (Santos et al., 2016) or individual Thr., Trp. and Val. or their mixture (Alagawany et al., 2014) was suitable for better performance, egg quality, lower feeding cost and significant reduction of nitrogen excretion compared to control (20% CP) diet. In contrast with the data presented here, Abdel-Mageed et al. (2009) indicated that the productive performance of laying Japanese quail was negatively affected when dietary CP reduced by 2%; however the addition of 0.2% Thr. improved the productive performance. On the other hand, significant decline in EP rate, egg number, AEM, AEW and FCR when laying quail fed 17% CP diet supplemented with/out SAA and Thr. in comparison with 20 % CP diet (Zeweil et al., 2016) . In layer hens, valine at 0.85 and 0.93% of diet (Attia and Abd Elhalim, 2008) or supplementation of Lvaline (0, 0.1, 0.2, 0.3 and 0.4%) to the diet (Azzam et al., 2015) did not affect egg production, egg mass, egg weight and FCR.
Supplementation of high concentrations of L-valine was tolerated and had no detrimental effects on laying performance or immune function (Azzam et al., 2015) . The contradictory results between studies might be due to the age of birds, the variation of nutrient levels in the diets and/or the rearing conditions. Egg quality and incubation measurements: Egg quality traits were not affected by reducing dietary CP except for increased (P ≤ 0.002) egg shape index and reduced (P ≤ 0.008) shell thickness with 20% CP diet compared to 18% CP (Table 3) . Valine supplementation (0, 0.1 and 0.2%) had no effect on egg quality traits except for egg shape and yolk index. In agreement with the present results, Abdel Azeem (2011) and Santos et al. (2016) reported no significant effects of CP levels (14 to 20%) in the diets on percentages of albumen and egg yolk of Japanese quail. Moreover, Abdel-Mageed et al. (2009) found that higher protein levels in the diets increased egg yolk and reduced albumen percentages in eggs of laying quails. Lelis et al. (2014) stated no influence of extra Val. supplementation on yolk, albumen, or egg shell percentages. In the same way, the present results concluded that CP levels or Val. supplementation had no effect on calcium deposition, and the intake of protein and Val. were sufficient for normal internal egg quality. Egg quality was significantly affected due to Val. supplementation to 18 or 20% CP diets of laying quail. The highest shell thickness (P ≤ 0.05), yolk index (P ≤ 0.03) and albumen (%) (P ≤ 0.001) was reported with 18% CP + 0.2% Val. diet. However, the present data divergent with those of Azzam et al. (2011) and (2015) who found that egg quality was not affected by a low-CP diet supplemented with Thr. or Val., respectively. Conversely, feeding quails 20 or 18% CP diets supplemented with ASS + Thr. (over the NRC recommendation) increased egg shape index, shell thickness and shell percentage (Abdel-Mageed et al., 2009) . Alagawany et al. (2014) stated that egg shell and yolk (%) were decreased when quail fed a low-CP (16%) diet supplemented with Thr., Trp. and Val. or their mixture. The lowest albumen (%) and highest yolk (%) and shape index values were detected with 20% CP + 0.2% Val. diets (Table 3) . It is well known that formation of egg components especially albumen, almost the entire protein in the egg, required high levels of CP and AAs in the blood of laying birds. Hence, diets formulated based on CP must contain adequate AAs with no excess or deficiency. Valine is critical not only for synthesis of the selective novel protein but also for the collapsed protein stability (Zhang et al., 2017) . In the same direction, Peganova and Eder (2002) and Lima et al. (2016) verified the relationship between increasing of valine requirements in birds and its priority to synthesize egg and feather protein. Japanese quails in this study were adult birds thus there is no need for AAs to maintain the slight increase in adipose tissue. Collectively, most of the protein and Val. intake was required for maintenance and semen or egg production of male or female quails, respectively. In the present study, the experimental diets had no significant effects on fertility, hatchability and total embryonic mortality percentages (Table  4) . However, numerical improvements in H (%) were obtained with the supplementation of Val. to 18% CP diet. These results were partially consistent with breeder quails that fed low-CP diet supplemented with extra Val. had the highest values of semen and egg quality. Also, increasing egg weight resulted in a linear increase in chick weight. Similar results were observed after feeding 20% CP or 18% CP diets supplemented with ASS + additional Thr. over NRC diet in Japanese quail (Abdel-Mageed et al., 2009) .
Although no significant differences were observed with egg weight, supplementing the 18% CP diet with Val. tended to increase chick weight and chick weight percent and decrease early embryonic mortality in comparison with other treatments. However, this difference in CW (%) and EEM (%) might be attributed to egg quality and egg size since egg composition and volume are limiting factors to the embryo development (Luquetti et al., 2004) .
Sexual libido and semen evaluation:
Feeding costs and nutrient requirements of male quail could not be excluded due to the high (one male: two females) sex ratio which is needed for increasing reproductive performance of breeder quails (Khalil et al., 2011) . Reports about the effect of dietary CP and L-Val. supplementation on semen quality and sexual activity of male quail were unreachable. As presented in Table 5 , there were no significant differences related to the effect of CP, Val. or their interaction on the reproductive parameters of male quail, except for cloacal gland area (CGA) and semen ejaculate volume (EV). The diet of 18% CP + 0.1% Val. revealed the highest (P ≤ 0.05) EV in comparison to those obtained by 20% CP + 0.1 or 0.2% Val. diets. The largest size of the CG (dependent testosterone sexual organ) was associated with 18% CP diet followed by 18% CP + 0.2% valine. The clarification for the increase in the semen ejaculate volume that supplementation of L-valine to quail diet enhanced the synthesis of the seminal plasma of spermatozoa. Present results also clear a high correlation between CGA, testicular size (data not shown) and semen quality for detecting the sexual activity of male quails during the breeding program (Biswas et al., 2007; Hanafy & Khalil, 2015) . However, SM, MBRT and SC were numerically improved by feeding low-CP diet supplemented with Val. but there was no significant difference. This is consistent with that dietary Thr. supplementation to low-CP diets increased the F% and H% in breeder quails (Abdel-Mageed et al., 2009 ). The positive effect of Val. on egg fertility may not be directly related to the volume of ejaculated semen but rather to a possible improvement in the motility and viability of quail sperm.
Blood parameters:
In the present results, plasma constituents of male and female quails were differently responded to the treatment's effect. The total protein concentration of female quail increased (P ≤ 0.05) by Val. supplementation to 20% CP diet and the maximum was obtained by 20% CP + 0.2% Val. diet in comparison with those fed 20% CP + 0.0% Val. diet (Table 6) Tables 6 and 7 , the lowest blood urea was detected in breeder quails fed low-CP diet supplemented with valine. Consistent with dietary protein; the blood urea level of female (Table 6) was three times higher than that of male (Table 7) quail. These results might be attributed to more consuming feed, high metabolic rate and more nitrogen excretion in laying females. In the same context, the reduction of dietary protein level from 24 to 20% reduced the nitrogen excretion by 28% during the laying period of quails (Minoguchi et al., 2001) . Moreover, broilers fed amino acidsupplemented diets had higher protein utilization and lower nitrogen excretion (DeSchepper and DeGroote, 1995) . Nutrition is an essential factor that plays a crucial role in normal enzyme activity (Mézes, et al., 2003) . It has been reported that trace elements, vitamins, or amino acids supplementation to animal diet stimulate antioxidant enzymes. Superoxide dismutase, an antioxidant enzyme, destroys the free radical superoxide by converting it to hydrogen peroxide and molecular oxygen (Benov and Fridovich, 1998) . In the present study, plasma SOD concentration of female quail (but not of male) was significantly (P≤0.001) elevated in response to CP level and Val. supplementation (Tables 6 and 7 ). The highest level of SOD was observed by 0.1 and 0.2% Val. with 18% CP diet, which may result in a superior antioxidative status. Similar results have been obtained in both serum and liver of laying hens after L-threonine supplementation at 0.2% (Azzam et al., 2012) . In line with the present results, Dong et al. (2012) reported that serum SOD increased significantly by 0.4 g L-tryptophan/kg diet. In contrast, supplementation of 4 g L-Val./kg diet did not influence serum concentrations of SOD and total antioxidative capacity or liver concentrations of these antioxidant enzymes in laying hens (Azzam et al., 2015) . This contrary between studies on antioxidant activities might be implied to the kind and/or the level of amino acids supplementation and the physiological status of animals.
Based on the obtained results, it could be concluded that through a supply of ideal diet, the dietary protein requirements for breeder quails could be reduced by 2% during 14 to 28 weeks of age. Supplementation of low protein diet (18%) with extra Val. at 0.2% over NRC (1994) recommendations gave better productive and reproductive performance and was comparable to those achieved with birds fed the high-protein diet (20% CP). 
